Abstract-In recent times, the cooperative diversity concept has been a major research area as it promises improvement in communication with little complexity and resource demands. In this work, the cooperative diversity concept is investigated in Land Mobile Satellite Systems (LMSS). Using a two-state statistical LMSS satellite model, the algorithm seeks to choose a best relay with highest received signal strength to cooperate with the destination terminal. This receiver-based cooperation is also carried out incrementally, that is, only when the direct communication is insufficient to guarantee good communication is cooperation employed. This helps to save resources even more as less spectrum bandwidth and relay power would be utilized. 
INTRODUCTION
In wireless communication systems, the problem of attenuation and degradation due to fading and multipath propagation has been a major challenge. To combat this problem, 'diversity', whereby independent signals received from a source through other relay terminals or nodes are transmitted to the designated destination terminal, is a major research area being investigated to be an optimal solution [1] . One way of employing diversity is by deploying other antennas (MIMO) to act as the relays (space diversity) [2] . Another more recent and currently investigated method of employing diversity is by using various similar and neighboring transmitting and/or receiving relays to cooperate with each other (cooperative diversity) [3] - [5] . The former (space diversity) has been adequately implemented in terrestrial wireless networks and has given outstanding performance [2] . However, its implementation for satellite communication is seriously undermined due to some limitations of satellite communication systems (satellites are limited in space by their size and available power and as such, deploying multiple antennas is unrealistic [2] , [3] ). The latter idea (cooperative diversity) seems to be a viable option for satellite systems. Cooperative diversity can be receiver-based, meaning that other mobile terminals close to the destination terminal (i.e. within the destination's interference range) are the ones employed as the cooperators or relay terminals. In [3] and [4] , the practical feasibility of this receiver-based cooperative diversity in Land Mobile Satellite Systems had been studied.
Several cooperative diversity methods (e.g. Amplify-andForward, Decode-and-Forward and Coded Cooperation) and schemes (e.g. Single Rely Selection, Multiple Relay Selection and All-Relay Participation) have been proposed and analyzed for wireless communication systems [3] - [7] . Of all the schemes, Relay Selection schemes have been argued to be the most proficient since they help reduce spectrum and relay power consumption as only one or few of the available relays (usually the best ones) are selected for cooperation [8] . Furthermore, the concept of Incremental Relaying (whereby cooperative communication is employed only at instances when direct transmission is impossible) was also introduced to help with reducing resource (spectrum and power) consumption [9] . Works in [8] - [15] have described in general terms the concept of relay-selection cooperative diversity as implementable in wireless networks.
This work therefore investigates an optimal receiver-based cooperative diversity scheme for Land Mobile Satellite Systems (LMSS) by using a model which adequately describes the LMSS architecture and service conditions. Due to both user and satellite mobility in LMSS, the system is best modeled as a blend of slow fading (shadowing) and fast fading (multipath). Also by including a relay selection procedure in the cooperative scheme, this research determines the performance of the model in terms of outage probability, channel capacity etc.
II. SYSTEM MODEL
The Land Mobile Satellite channel with relay selection cooperative diversity scheme is described in this section. Fig.  1 . is a simple description of the model. value. The signal transmission (total frame) is in two phases or time slots. The communication taking place in two time slots makes the use of the same frequency possible as both satellite and relays will not be transmitting to the destination at the same time. The different time slots help avoid the possibility of interference during the communication process. A periodic feedback (ACK for positive acknowledgment of received signal and NACK for negative acknowledgement of received signal) is broadcasted by the destination to both source and all relays after every time slot. In the first slot, the satellite broadcasts its signals to both the destination terminal and the relays. The destination terminal checks the received SNR to see if it is greater than or equal to the threshold SNR. If it is, the direct transmission mode is employed. The ACK feedback from destination to the source and all available relays ) indicate success of transmission. The relays are not employed in that time slot. Thereafter, the Satellite sends its next signal in the second time slot and the whole process begins again. However, if the signal received at the destination is below the threshold SNR, the feedback from destination to source is a NACK. Hence, the satellite sends no signal in the second time slot. The relays also get the NACK message from the destination terminal and each relay calculates its Channel Quality Information (CQI) and sends this to the destination. The destination determines which of the relays have the highest CQI and chooses it as the best relay. Next, the destination terminal sends a single bit CBR (Chosen Best Relay) signal to the selected best relay indicating it has been selected for cooperation. Only the relay with the highest channel quality (i.e. selected best relay, ) receives the CBR signal.
A. Network Model
then enters into a transmitting mode, forwarding its already stored signal to the destination. The best relay's signal is then combined with the destination's originally received signal through maximum ratio combining (MRC).
B. Fading Model
Statistical models are mostly used to describe the LMSS channel scenarios. These statistical models provide a good trade-off between complexity of implementation and accuracy in the representation of channel conditions and various impairment characteristics [16] - [21] . They are able to provide time series of the variations of the complex envelop of the received signal. The two-state Markov chain Land Mobile Satellite channel model consist of a 'good state' represented as and a 'bad state' represented as . The good state defines the periods in communication when the channel is not affected by heavy shadowing, that is, it only experiences light shadowing. During these periods, signal SNR is high and communication is barely interrupted [17] , [19] . During the 'bad' states, the communication channel is strongly affected by heavy shadowing, the link quality is poor and communication is most likely going to be interrupted [17] , [19] .
If is the percentage of shadowing (or probability of link being under 'bad', heavy-shadowed condition), and is percentage of unshadowing (or probability of link being in 'good', un-shadowed condition), then the total received signal amplitude probability distribution function is given as [17] The good state employs the Loo's model for satellite systems [20] . The Loo's model is a combination of Rayleigh and the lognormal distributions. The probability distribution function of the received signal amplitude using the Loo's model is given as [20] where is the average power of the multipath scattering, is the mean of the direct component, is the variance of the direct component , and is the zeroth order modified Bessel function of the first kind.
The bad state follows the Corazza's model for satellite systems [21] . The Corazza model is a combination of Rice and lognormal distributions with shadowing affecting both the direct and the diffused (multipath) components. The probability distribution function of the received signal amplitude using the Corazza model is given by [21] where is the average power of the multipath scattering, is the amplitude of the direct component, is the mean of the is the Noise Power, and is the combined effect of the shadowing and multipath fading characteristics as defined in the fading model. The simulation parameters used in this work were obtained from typical link budget parameters for a Digital Video Satellite-Satellite services to Handheld Devices standard as described in the work in [16] . This link budget also corresponds to the option of Satellite Handheld By using the satellite parameters given in [16] The switching back and forth between the states is carried out by a Markov chain model [16] - [21] . The state probability matrix is the collection of the probabilities of each state in certain circumstances. The state transition matrix is the probability of a state moving to another state. Changes in the channel from one state to the other can thus be determined once their state probability and the state transition are known. The channel model employed in this work follows the work done in [17] because of its consistency with real measured data. An extract of the parameters is given in table 1. Once the states are generated for the different environment types, the actual SNR values are obtained by combining the various distributions applicable to the different states, taking into consideration the satellite elevation angle.
III. PERFORMANCE ANALYSIS
Investigation of the system's model performance can help provide insight for satellite cooperative system designers in order to fully exploit the advantages of receiver-based cooperative diversity with relay selection communication capabilities. This work shows through simulations the advantages of relay selection cooperative diversity as applied to LMSS systems. The following performance criteria were considered; Average Output Signal to Noise Ratio (SNR), Outage Probability, Average Bit Error Rate and Average Channel Capacity for the cooperative Satellite system.
A. Average Output Signal to Noise Ratio
The Average Output SNR is the total SNR delivered at the destination terminal averaged over time. If only the direct communication is used, the average output SNR is the average SNR the destination picks up with time. For the cooperative communication, the average output SNR is the average SNR obtained from the destination terminal after the direct and cooperative signals have been combined through maximum ratio combining (MRC).
B. Outage Probability
The outage probability is defined as the probability that the end-to-end Signal to Noise ratio (SNR) i.e. the received SNR at the output of the MRC, (which is the combined SNR of both direct and cooperative links) will fall below the predefined threshold value . It is the probability that the set of channel realization (direct and cooperation) cannot support a reliable transmission at a given data rate or that the associated capacity of the system is less than a transmit data rate [22] . Mathematically; where and is the data rate of the transmission.
C. Bit Error Rate (BER)
The Average Bit Error Rate (BER) of a communication system is defined as the amount (in percentage) of bits that have errors compared to the total number of bits received by the receiver [22] , [23] . BER is a very strong indicator of how often data units have to be retransmitted due to error in its transmission. If BER is too high, it might be imperative to reduce the transmission rate so as to improve the overall transmission time (since the number of retransmissions due to error would have reduced). It is a function of the bit energy per noise density which is obtained from the signal to noise SNR ratio. The BER for a QPSK signal (which is usually employed for satellite communication scenario) is given as [23] The function is called the complimentary error function and it describes the cumulative probability curve of a Gaussian distribution. The bit energy per noise density is related to the signal to noise ratio SNR as; where is the bandwidth and is the bit rate. The SNR values are given from the time series of signal received at the destination terminal (or at each relay terminal).
D. Average Channel Capacity
The average channel capacity is defined as the maximum amount of data an appropriate channel can accommodate under some given constraints. It gives an idea of the maximum achievable transmission rate under which the errors are recoverable [22] . For the satellite communication using both direct and cooperative communication modes, the average channel capacity is given as [22] 
where is the probability that the direct communication mode is employed, is the average channel capacity during direct communication, is the probability that the cooperative mode is employed and is the average channel capacity during cooperative communication. Hence where is the probability of the system in good state. and are calculated from the Shannon's equation and they are given by [22] where is the bandwidth, is the SNR value at destination terminal and is its probability distribution function if the direct communication mode is employed (it is also the SNR and of the Loo's model representing the good state). is the combined SNR at destination and its when the cooperative communication mode is employed.
IV. RESULTS
The simulation results of the relay selection cooperative diversity in comparison with the direct communication model are presented in this section. Using the parameters given in section II and by varying threshold SNR between the range 0-20dB, the plot of the performance curves in terms of Average Output SNRs, Outage Probability , Average Bit Error Rate (BER) and Average Channel Capacity against the signals' SNR in terms of bit energy per noise density for the cooperative satellite system are shown. A total of 10 relays are assumed to be available within the destination terminal's interference range.
The values of output SNRs averaged over time for direct and the cooperative communication is compared in Fig. 2 . A threshold value of 7dB was employed. It can be seen that for both rural and urban environment types, cooperative communication outperforms the direct communication, giving larger values of average output SNR. This is because the cooperative system employs an extra relay in generating its average SNR whenever the original SNR of the destination terminal falls below the threshold SNR value. The average SNR gain during cooperation for the urban environment is a little below 6dB. It is also obvious that the cooperative communication, either for rural or urban environment, is a better option as the channel is able to deliver a higher average capacity as compared with using direct communication alone. This is because the cooperative link employs both the direct and the relay link in sending its signal, thus it can accommodate a larger capacity than the can be delivered by the direct communication alone. 
